
CALICE Analysis Note 005

The SCintillator-ECAL Beam Test

at DESY, 2007
— First Results —

The CALICE collaboration

This note contains preliminary CALICE results, and is for the use of members
of the Calice Collaboration and others to whom permission has been given.

Abstract

A beam test of the SCECAL test module was performed in the period
Feb 26 - Mar 28 2007 using 1-6 GeV positron beams at the DESY-II
electron synchrotron. This note briefly describes the first analysis and
results of the beam test which will be shown at LCWS @ DESY in May
2007.
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1 Introduction

In the next linear collider experiment, a Particle Flow Algorithm (PFA) is ex-
pected to play an indispensable role in achieving excellent jet energy resolution.
The PFA requires good separation of neutral and charged particles in a jet, result-
ing in the requirement of a calorimeter of very fine granularity. The Scintillator-
ECAL (SCECAL) is one candidate for such a calorimeter which achieves effective
1×1 cm segmentation by using a scintillator strip structure, and has Multi Pixel
Photon Counter (MPPC) readout. SCECAL test module consisting of 468 scin-
tillator strips and MPPCs was constructed and tested in 2007 using low energy
positron beams at DESY. Analysis of the beam test data is now actively contin-
uing. In this note the preliminary results of a first analysis of the beamtest data
are presented, with a view to presenting them at LCWS 2007.

2 The SCECAL Test Module

The structure of the SCECAL test module is shown in Figure 1. The module
consists of 26 pairs of scintillator and absorber layers of thickness 3 and 3.5 mm
respectively. The absorber layer is composed of 88% tungsten, 12% cobalt and
about 0.5% carbon, and has Moliere radius of 10 mm. The scintillator layer has
9×2 scintillator strips whose size is 4.5×1 cm. In successive scintillator layers,
the strips are alternately aligned vertically (“X” layers) and horizontally (“Y”
layers). 1600-pixel MPPCs are soldered to a flat cable (Figure 2), and mounted
in a hole in the end of each scintillator strip. Signals from the MPPCs are fed into
the AHCAL baseboard through the flat cable. Figure 3 shows a photograph of
the ECAL test module mounted in the beam line. The size of the entire module
is about 9 × 9 × 20 cm and the total number of readout channels is 468.

In this beam test we have tested three different types of modules. The “type-
1” module has a wavelength shifting (WLS) fiber for light signal readout, and
has a so-called “mega-strip” structure. The mega-strip structure is made by
machining holes and grooves in a scintillator plate, as shown in Figure 4. A WLS
fibre is inserted into the hole, and channels the scintillation light towards the
MPPC. White PET film is inserted into the grooves to achieve optical isolation
between adjacent strips. Test bench studies suggest that cross-talk between strips
is around 5%. The mega-strips are covered with 3M radiant mirror reflector film
to increase the amount of light collected by the MPPC.

The “type-2” module is called a “direct-readout module”. It has the same mega-
strip structure and reflector film as the type-1 module, but does not have a hole
for the WLS fiber.
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The “type-3” module is called an “extrusion module”, whose scintillator is man-
ufactured using an extrusion technique. The individual strips are mechanically
independent, and each is covered with TiO2-based white paint. Each strip has
a hole along its centre, which holds a WLS fiber to guide light to the MPPC,
similar to the “type-1” module.

We constructed 13 layers of each type of module, and tested 3 different com-
binations of these modules. First we tested the so-called “1st configuration”,
where the type-1 module was placed upstream of the type-2 module. For the
“2nd configuration”, we switched the positions of these two modules. In the “3rd
configuration”, the type-3 module was placed upstream of the type-1 module.

The preliminary results shown in this note use data only from the 1st configura-
tion. Results with the other configurations will follow soon.

MPPCs
(1600 pixe ls)

Scintillator strip

(1 x 4.5 x 0.3 cm)

Acryl Frame

WLS fiber

Tungsten

(3.5 mm thick)

Scintillator layer
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Figure 1: The structure of the SCECAL test module (left), and of a single type-1
scintillator layer (right).
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Figure 2: Photographs of the 1600 pixel MPPC (left) and the flat cable with
attached MPPCs (right).
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Figure 3: Photograph of the ECAL test module mounted in the beamline; an
absorber plate is being inserted.
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Figure 4: Cross-section of one strip of the megastrip structure (left). The black
rectangles show the position of the white PET films in the grooves. Photograph
of a megastrip (right).

3 Beam Test at DESY

The beam test was performed at the DESY-II electron synchrotron from Feb
26 to Mar 27, 2007. Positron beams with an energy between 1 and 6 GeV are
produced by photons from synchrotron radiation and provided to the beamline.
The setup of the beam line is shown in Figure 5. We use a combination of trigger
and veto counters to trigger events. The trigger counters consist of a 3×3×1 cm
scintillator block read out by two photomultipliers. The veto counter is made from
20×20 cm scintillator plates with a central square hole of dimension 2×2 cm, and
its signal is read out by one or two photomultipliers. Two trigger counters and
one veto counter were installed in the beamline upstream of the ECAL module
and used to select 1 MIP events. One veto counter was located downstream of
the ECAL and used to select positrons which do not shower during their passage
through the ECAL. Such MIP events are used to calibrate the detector response,
as described in a later section. The trigger counter placed downstream of the
ECAL module showed a strange, not-yet-understood signal shape, so it is not
used for this analysis. Four layers of drift chambers were placed in the beamline
to perform precise particle tracking. Each drift chamber layer has both x and y
wires. The ECAL test module was mounted on a movable stage, allowing it to
be moved with 0.1 mm accuracy in the plane transverse to the beamline.
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Figure 5: Configuration of the beamline at the DESY beam test.

4 Analysis, Results and Problems

4.1 Calibration of Detector Response by MIP Events

The analysis starts with the detector response calibration using events which pass
through the ECAL module as a MIP. Since only positron beams are available on
the DESY-II beamline, data for the MIP calibration were taken without the
absorber layers. Figure 6 shows an event display for a typical MIP event. First
we applied some quality cuts on the signals from the trigger and veto counters.
Figure 7 displays the ADC distributions and MIP selection criteria of the trigger
and veto counters. For the trigger counters, events with the signal correspond
to 1 MIP are selected. On the other hand for the veto counters, events without
signal are selected to reject electromagnetic shower events.

The distribution of the pedestal was measured separately for each strip by taking
events with a random trigger. This was done regularly during data-taking, as well
as in dedicated periods without beam. The ADC distribution of these events
was fitted to a Gaussian function, whose mean was then subtracted from the
ADC distributions on a strip-by-strip basis. Figure 8 shows a typical pedestal
distribution fitted to a Gaussian function.

Additional cuts are applied using signals from the detector itself. To select MIP
events with a target strip on a X (Y) layer, we require that the strips in the
same strip position on the other X (Y) layers have a non-pedestal signal (the red
histogram in figure 9). Moreover it is required that other strips in the same layer
as the target strip have signal consistent with the pedestal to suppress events in
which a small shower has developed in the ECAL module (the blue histogram
in figure 9). Some typical ADC distributions at the each level of selection are
shown in figure 9.

We fitted these selected MIP distributions using a Landau function convoluted
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with a Gaussian resolution function:

f(x; A, m, w, σ) =
∫

∞

−∞

Landau(x − y; A, m, w)Gauss(y; σ)dy

where Landau(x; A, m, w) is the Landau function with normalization factor A,
most probable value m, and width w, and Gauss (x; σ) is a normalized Gaussian
with mean 0 and width σ. Results of these fits, in cases of typical and worst
reduced-χ2, for the three types of modules are shown in figures 10-12. The χ2

fit probability distribution for all the strips is shown in figure 13. We calcu-
late the mean of the analytic Gaussian convoluted Landau function in the range
−500 ∼ 1000 ADC counts and use this number as the calibration constant. The
calibration constants calculated in all strips are plotted in figure 14.

Figure 6: Event display of a typical MIP event.
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Figure 7: The ADC distributions for the trigger and veto counters and selection
conditions.
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Figure 8: A typical ADC distribution of pedestal events taken with a random
trigger.
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Figure 9: The pedestal subtracted ADC distributions for MIP runs for two rep-
resentative strips. The black histogram is after trigger and veto counter require-
ments, the red histogram after requiring non-pedestal signal in corresponding
strips in other layers, and the blue histogram after a veto on non-pedestal signals
in the other strips in the same layer. The features in the red and blue histograms
of the left plot at low ADC values are not yet understood; we exclude this region
from the fit.

Typical fit Worst fit

Figure 10: Typical and worst fits to MIP signals of the type-1 (fiber readout)
module.
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Typical fit Worst fit

Figure 11: Typical and worst fits to MIP signals of the type-2 (direct readout)
module.

Typical fit Worst fit

Figure 12: Typical and worst fits to MIP signals of the type-3 (extruded strip)
module.
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Figure 13: The χ2 fit probability distribution of the MIP fit for all strips in all
configurations.
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Figure 14: The measured calibration constants in the 1st configuration. Layers
1–13 are the “type-1” module with WLS fibre, layers 14–26 are the “type-2”
module, without a fibre.

4.2 Energy Resolution, Linearity

After taking MIP data for the calibration, the Tungsten absorber plates were
inserted and 1-6 GeV positron beams were directed at the center of the ECAL
module. Events were selected by applying the same requirements on the two
trigger counters and two veto counters as used in the MIP events selection.

Using the set of calibration constants obtained in the previous section, the to-
tal measured energy was obtained in units of number of MIPs by summing the
calibrated response over all strips:

Etotal =
26
∑

l=1

18
∑

s=1

Els/cls,

where l and s are the layer and strip indices, and Els and cls are the measured
energy and calibration constant on a corresponding strip. Figure 15 shows an
event display for a typical 6 GeV shower event. The spectra of measured energy
at each beam energy are shown in figure 16. By fitting these spectra with a
Gaussian function, we evaluate the energy resolution and linearity of the ECAL
test module.

Figure 17 shows σ/E against 1/
√

Ebeam, where E, σ are the mean and width

of the Gaussian fit to the energy spectrum, and Ebeam is the beam energy.
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Table 1 shows the numerical values of σ/E. It is known that σ/E of a sampling
calorimeter follows the form

σ

E
=

√

√

√

√

σ2

stochastic
Ebeam

+ σ2

constant,

where σstochastic and σconstant are the stochastic and constant term of the energy
resolution. As a result of fitting this form to the data in figure 17, we have
obtained values of the two terms to be

σstochastic = 13.45 ± 0.07%

σconstant = 2.87 ± 0.08%.

where the uncertainties are statistical only. The constant term is measured to
be deviated from zero, which has not what we expected based on a GEANT4
simulation. Possible sources of the non-zero constant term are being considered,
for example a non-uniformity of the strip response (position dependence), elec-
tromagnetic shower leakage from the module, or a saturation effect of the MPPC,
but the true reason is still under investigation. The stochastic term is currently
considered to be consistent with expectations, but still needs a precise check with
a Monte Carlo simulation.

The left plot in figure 18 shows the measured energy against the beam energy.
This has been fitted to a linear function, and result is found to be

Emeasured = a Ebeam + b,

a = 122.20 ± 0.04 (MIP/GeV),

b = 0.75 ± 0.15 (MIP).

Deviation of the measured energy from the fit is also shown in Figure 18. The
deviation in the energy region 1-6 GeV is found to be less than 4 % even before
correcting for the saturation of the MPPC, however there is a systematic shape
observed in the non-linearity. The cause of this effect is still under investigation.

Ebeam (GeV) 1 2 3 4 5 6
Emeasured (MIPs) 127.24±0.15 247.70±0.16 360.91±0.17 478.16±0.19 610.53±0.21 748.53±0.23

σ (MIPs) 17.74±0.11 24.58±0.11 29.55±0.12 35.04±0.13 40.78±0.15 46.43±0.16
σ/Emeasured (%) 13.94±0.09 9.92±0.05 8.19±0.03 7.33±0.03 6.68±0.02 6.20±0.02

Table 1: Table of Emeasured,σ and σ/E with each beam energy (Ebeam). Un-
certainties are statistical only.
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Figure 15: An event display for a 6 GeV positron event. The left figure is the
x projection, the right figure the y projection of the detector. The beam enters
from the lower edge of the plots.

4.3 Longitudinal shower shape

Another problem is found in the longitudinal shower shape with the 1st config-
uration. Figure 19 displays the measured energy in each layer as a function of
the layer ID, which shows layer position in the detector. Even after the response
calibration, there are some discontinuities in the shower shape around layer 6
and layers 16 & 18. The cause of this is still under study, however there some
effects we have not yet corrected for, such as MPPC saturation and changes in
temperature. The effects of these corrections will be explored in the near future.
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Figure 16: The spectra of measured energy for 1-6 GeV with a Gaussian fit
overlaid.
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Figure 18: The linearity of the energy measurement (left) and its deviation from
linearity (right).
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Figure 19: Longitudinal shower shape of 1 GeV positron events measured with
the 1st configuration.
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5 Summary and Outlook

The SCintillator-ECAL beam test has been performed, using positron in the
energy range 1-6 GeV. As a result of the first-stage analysis, the energy resolution
of the 1st detector configuration is found to be

σstochastic = 13.45 ± 0.07%

σconstant = 2.87 ± 0.08%.

Deviations from linear behavior of the energy measurement are found to be less
than 4%.

However there are still some problems remaining:

• the constant term of the energy resolution is not consistent with zero;

• there is a systematic shape in the deviation from energy response linearity;

• discontinuities are observed in the longitudinal shower shape.

Investigation of the cause and solution of these problems are ongoing.

Moreover there are several things which still need to be done:

• correction for saturation effect of the MPPC;

• correction to take account of temperature changes;

• improved beam tracking with the drift chamber information;

• evaluate the position dependence of the strip response, energy resolution
and linearity;

• analysis of 2nd and 3rd configurations;

• compare to results of a realistic Monte Carlo simulation;

• evaluate systematic uncertainties on the results.

We are still at the first stage of the analysis. The extensive analysis effort will be
continued and updated results will be continuously reported in coming months.
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